ymphocyte subset enumeration is useful in the evaluation of hereditary and acquired immunodeficiency, assessment of immune reconstitution post-allogeneic stem cell transplantation, and also for monitoring CD4 count in HIV and AIDS patients. In particular, the CD4 count serves as a guide for initiation of antiretroviral therapy and prophylactic treatment of opportunistic infections (1-3) because it can provide valuable information for treatment response and disease progression. As a result, immunophenotyping of lymphocyte subsets by flow cytometry has been an indispensable tool in the management of HIV and AIDS patients. Various studies have shown that the reference ranges of lymphocyte subsets are subject to influences by age, sex, ethnicity, and environment (4-17). Flow cytometry is the "gold standard" for the enumeration of lymphocyte subsets, and it is important to establish the local reference ranges for interpretation of laboratory results and clinical decision making (13). Most of the published reference ranges were established by dual-platform flow cytometry (3, 5, 6, (9) (10) (11) (12) (14) (15) (16) (17) .
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Healthy blood and apheresis donors from the local blood transfusion service were recruited for the establishment of the reference ranges of lymphocyte subsets by the use of single-platform flow cytometry. Single-platform flow cytometry allows simultaneous identification and enumeration of total CD3 ϩ T cells, dual CD3
ϩ CD4 ϩ T helper cells, dual CD3 ϩ CD8 ϩ T suppressor cells, CD19 ϩ B cells, and CD56 ϩ natural killer cell population percentages and absolute cell counts. Further manipulation of the specimens to obtain absolute white cell count and differential count by a separated automatic hematology cell counter are avoided by the incorporation of a known quantity of microfluorospheres in the flow cytometry step (2) . The whole procedure is more robust, convenient, and reproducible than the traditional dual-platform flow cytometry. Gender-and age-related differences in the lymphocyte subsets were evaluated. The results were also compared with those from different ethnic groups. The influence of sex and age on the lymphocyte composition and comparison with data from both Asian and non-Asian populations will be discussed.
MATERIALS AND METHODS
Study population. Healthy blood or apheresis donors from the Hong Kong Red Cross and Blood Transfusion Service were recruited for the establishment of reference ranges of lymphocyte subsets in the Queen Elizabeth Hospital, Hong Kong, during the period from October 2009 to January 2010. Informed consent was obtained. A questionnaire was completed by each donor to exclude those who have high-risk behaviors for HIV or AIDS, recent infections, significant medical illnesses, or long-term medications, including Chinese herbal medicine. All specimens were screened negative for hepatitis B virus (HBV), hepatitis C virus (HCV), HIV-1, and HIV-2 by serological studies and by nucleic acid tests (NAT). Blood samples were collected into EDTA-anticoagulated Vacutainers and transported to the hematology laboratory within 2 h of collection for flow cytometry analysis. All specimens were processed within 6 h of venipuncture.
Reagents, cell preparation, staining, and analysis. A single platform with a lyse-no-wash procedure for flow cytometric analysis of lymphocyte subsets by the FC500 flow cytometer (Beckman Coulter) (1) Briefly, 100 l of Flow-count fluorospheres (Beckman Coulter) was added to each staining tube. The preparation was analyzed on FC500 flow cytometer system (Beckman Coulter) with the CXP software (version 2.2) and tetraCXP SYSTEM software (version 2.1) packages. The reagents and the data acquisition software were approved by the FDA/CE for in vitro diagnostic (IVD) use in CD3 ϩ CD4 ϩ and CD3 ϩ CD8 ϩ lymphocyte enumeration. Six thousand and 10,000 events were acquired for tubes 1 and 2, respectively. Lymphocytes were identified by their strong CD45 expression and low side scatter. T helper cells, T suppressor cells, B cells, and NK cells were identified by expression of CD3 ϩ CD4 ϩ , CD3 ϩ CD8 ϩ , CD19 ϩ , and CD56 ϩ , respectively. Quality assurance. The optical alignment and fluidic stability were calibrated daily using Flow-Check fluorospheres (Beckman Coulter), and the monoclonal antibody reactivity was monitored daily by Immuno-Trol (Beckman Coulter) control cells. Compensation of spectral overlap was established by staining Cyto-Comp cells with the Quick-COMP 4 reagent kit. Signal from each specific fluorochrome in the respective fluorescence detector was analyzed on a single-parameter histogram. Our laboratory meets the international standards of the external quality assurance program on lymphocyte subset enumeration organized by the United Kingdom National External Quality Assessment Scheme (UK NEQAS).
Statistical analysis. The means, medians, standard deviations (SD), and reference ranges of the percentages and absolute counts of
ϩ B cells, and CD56 ϩ NK cells were calculated using the Statistical Package for Social Sciences (SPSS) software version 18. The reference ranges were defined as 95% of the population. The impact of sex and age on lymphocyte subsets was evaluated by Mann-Whitney test or Student's t tests (without assuming equal variance). Results were considered statistically significant at a P value of Ͻ0.05.
RESULTS
A total of 273 healthy donors were enrolled during the period from October 2009 to January 2010. Among them, 150 (55%) were male and 123 (45%) were female. Their ages ranged from 17 to 59. A total of 155 (male/female ratio of 0.8) of the donors were less than 40 years old, while 118 (male/female ratio of 2.2) were Ն40 years of age (see below). All were ethnic Chinese. The means, standard deviations, and reference ranges for the percentages of ϩ NK cells was lower than that reported previously in the Hong Kong Chinese population (12) , which was established 15 years ago ( Table 1) . Comparison of our data was performed among the published data from different ethnic groups (Table 2) . Our values were comparable to those of the Chinese population established in other parts of China (10, 11). They were also similar to those in other Asian populations (8, 17) . The reference ranges, however, were different from the reported Caucasian ranges (9) and were also different from the African data, although data from the latter ethnic group are limited (13) .
The reference ranges for the lymphocyte subsets were compared between members of the population less than 40 years of age and those 40 years of age or older to evaluate the impact of age on various lymphocyte subpopulations ( Table 3 ). The percentages of CD3 ϩ T cells, CD4 ϩ T cells, CD8 ϩ T cells, CD56 ϩ NK cells, the absolute counts of CD3 ϩ T cells and CD8 ϩ T cells, and the CD4/ CD8 cell ratios were found to be different between the two age groups (P Ͻ 0.05 in all cases).
DISCUSSION
In this study, we have established the updated reference ranges for lymphocyte subsets among healthy blood donors in Hong Kong by a single-platform method, lyse-no-wash flow cytometry (1). The percentage and absolute count of CD3 ϩ CD4 ϩ T helper cells, a Reference ranges are defined as 95% of the population in these studies. b Reference ranges are defined as 95% of the population, with the exception of CD4 and CD8 percentages, which are defined as means Ϯ 2SD. and hence the CD4/CD8 cell ratio, were significantly higher in the present study, while the absolute count of CD56 ϩ NK cells was lower than that reported previously in the Hong Kong Chinese population (12) ( Table 1 ). The differences may be attributed partly to an improvement of methodology as dual-platform flow cytometry was employed in the previous study and partly to the continuous improvement in nutrition and hygiene in our population. A comparison between the present study and the published data from different ethnic groups was also made ( Table 2) : our results were comparable to those of the Chinese population established in other parts of China (10, 11) and were also similar to those in other Asian populations (8, 17) . The reference ranges, however, were different from those reported in Caucasian countries (9) and the limited African data (13) .
Sex influences on lymphocyte subset constitution have also been addressed in various ethnic groups (5, 9, 10, 15, 17, 18) . Our study also has a higher absolute count and percentage of CD3 ϩ T cells in females compared with males, while the absolute count and percentage of CD56 ϩ NK cells are higher in males (P Ͻ 0.05). This is probably due to different hormonal effects in the respective genders. Androgen has been shown to accelerate apoptosis of thymocytes and mediate the process of thymocyte selection (19). The relatively low androgen level in females may account for a slower apoptotic rate in T cells. CD56
ϩ NK cells have also been shown to be higher in the male population in other studies (9, 17) , but the cause is obscure.
Age has a consistent impact on lymphocyte subsets and has been demonstrated by numerous studies of various different ethnic groups (5, 8, 9, 11, 12, 14, 17, 18) . Such an observation has also been reproduced in the present study. We have shown lower values for CD3 ϩ T cells (both percentages and absolute counts), CD4 ϩ T cells (percentages only), and CD8 ϩ T cells (both percentages and absolute counts) in the older age group (Ն40 years old). Stem cell aging and thymic involution are implied to contribute to the reduction of T cells in the elderly (9) . T cell immunosenescence may play a role in increased morbidity and mortality with age. On the contrary, the percentage of CD56 ϩ NK cells is higher in the older age group, which is probably related to cumulative exposure to infections as one gets older.
Racial differences in the distributions of various lymphocyte subpopulations have been addressed in many studies (5, 9, 10, 14, 15) . Table 2 summarizes a comparison of the reference ranges of lymphocyte subsets among Asians, Caucasians, and Africans. The absolute counts of CD3 ϩ T cells and CD3 ϩ CD4 ϩ T helper cells and the CD4/CD8 cell ratio in Hong Kong Chinese are comparable to those of Asians of other countries and Africans but lower than those of Caucasians. The absolute count of CD3 ϩ CD8 ϩ T suppressor cells is similar to that of other Asian populations but higher than those of Caucasians and Africans. The absolute count and percentage of CD56 ϩ NK cells in Hong Kong Chinese are lower than those of other Asian populations but comparable to those of Caucasians. Our study thus further reinforces the importance of establishing local reference ranges in order to assist clinicians to make meaningful clinical decisions. The thresholds for CD4 count for the initiation of antiretroviral therapy and prophylactic antibiotics for the treatment of HIV and AIDS are based on Caucasian studies. In view of the significant differences in the reference ranges in lymphocyte subsets between different ethnic groups, in particular the absolute count of CD3 ϩ CD4 ϩ T helper cells in Chinese, which has been shown to be lower than that of Caucasians (8, 11, 12) (Table 2) , the thresholds for the initiation of such therapies should be adjusted accordingly. In fact, it has been suggested that even the thresholds for CD4 count in the definition of AIDS should be different among different racial groups (11) . The underlying reasons for the observed variations have not been exactly pinpointed, but differences in genetic makeup and variations in environmental exposure, including diet and microbial challenge, may be part of the attributing factors.
In this study, we have established local reference ranges for lymphocyte subsets for healthy Chinese adults. These are the first reference ranges for Chinese adults established by a single-platform flow cytometric analysis. Age, gender, and ethnicity are major factors contributing to the variations in lymphocyte subset composition. It is recommended that each laboratory should establish its own reference ranges to facilitate clinical decision making.
